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Istredaet^as 

ju*  pradietien  er  tn*  asotiaa  »f  trepieai  cy^Lase*  rentiiiuea  t.»  bw  eae  *? 
the  B&j  ar  prrble=.*  ef  fere easting  in  trepieai  end  subtropical  latitude* . Or.* 
“tis  ■’I^fiecity  lit*  in  the  Act  that  saay  ef  the  technique*  end  aide  suggested 
threu jh  the  year*  require  were  extensive  data  thivn  er dinar  ily  available  te  the 
forecaster,  Tee  simple  approaches  er.lch  net  depend  #s  * greet  ssseuct  «? 
syseptin  iofarwati  er.  ere  thcss  *s  Alisevvlogj  —..1  uS:3i;t»cct,  These 

i£5»  i.5pre*cha*  ere  the  prisary  censers,  ef  thia  paper.  Under  the  fencer  approach* 
iuaighv  into  the  sseties  ef  the  storm  it  gives  by  the  behavler  ef  pe.it  atoms 
ia  the  a.wae  regies  end  in  tha  aaj&e  month.  Is  the  letter*  prediction  it  bated  as 
the  behavior  el  the  ewae  storm  during  it*  previeu*  hieteryj  uwually,  tha 
preceding  24-heur  per led  i*  considered, 

iatkaugh  their  reliability  la  et  tlaae  questioned,  theaa  approaches  er*  used 
frequently  et  ferefteeting  oast  era.  Many  tine*  they  ere  the  only  available  teel 
in  eceenie  region*  where  date  ere  inadequate  fer  a confidant  analysis  ef  the 
trepespherio  flew  is  the  area  ef  the  (tars,  Even  when  a reliable  upper-air 
analysis  la  available,  a caroful  study  ef  the  previous  hi*t  ery  ef  a a tan*  sh9uld 
precede  any  forecast.  The  previeu*  track  give*  the  best  indioatlen  ef  what  the 
steering  current  ha*  bees  and,  thu*r  will  help  is  deducing  the  future  one. 

Since,  fer  aeae  tune  te  came,  hurricane  forecasters  will  have  te  deal 
with  inadequate  data,  we  should  attempt  te  extract  froa  past  experience  every 
thing  which  leads  toward  a sere  efficient  and  confident  application  of  tha 
statistic*.  Tha  preient  study  represent*  such  an  attempt.  The  el Isabel ugi cal 
data  *a  hurricane  track*  are  reduced  te  a fora  which  permit*  a quantitative 
estimate  of  the  probability  of  success  ef  p er*i*ien<-.o  forecasting* 

Data  and  Method  ef  Anaiyia 

The  data  u*ed  oenalet  ef  track*  ef  tropical  eye- lor, a*  of  ail  intensities 
charted  in  the  Csribbear  sea,  the  Gulf  ef  Mexico;  and  adjacent  reg.i«ui«  of 
the  Atlantic  ocean.  during  uii  period  1887-1950.  In  that*  64  year*,  473  aterm* 
were  observed.  Cyclone  track*  fer  the  period  1887-1932  are  given  in  Mitchell'* 
pjbiioatiwj*  rl,  2 « itfter  1932,  the  track*  appear  in  annual  *u3caariee  ef 

the  Monthly  Weather  Review. 


This  i*  * report  on  r*«eaz  sh  conducted  under  contracts 
ef  Naval  Research  and  the  Tnire-sity  ef  C hi  cage. - 


between  the  Office 


Th*  regies-  fro®  ‘ 0*S  ns  3b*X  ard  fro*  40*4  to  2C*0*?f  was  divide  iEts  5* 
latituce-lecf in - • t>aar&e  far  th«  "ssputat?  er«  . In  sach  acs&re,  * spat 

a;rpr*xin*t-iy  is  the  #«j» r *f  etch  etsrs  path  m - takas  fee  th*  sbservatjes 
flirt,  eed  the  direct'  ac  end  speed  ef  net i in  „a  the  preceding  and  following 
2i=hs»r  ecFtada  were  '■*£.  Sacfe  starts  stypliee  one  ebeervatie&  regardless 

ef  tfeo  tine  it  t*ai  t*  sisw  tSrsu^h  4h«  eqsere*  The  sugars  in  the  insar  circle* 
in  fi*,  jrdi cats  the  „ -cb«r  *f  stars*  observed  in  each  square  during  each  nanth 
ef  the  hurricane  itusc , <J uc*  through  Hcvssbsr*  far  the  entire  64  yse ra , 

Frequency  ef  Stsaa 

feble  I gives  the  averege  earthly  frequency  af  atera*  an  a 10~y*sr  basis* 
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Annual  frequencies!  The  average  axaausl  f requvwcy  par  10  years  is  74*  About 
86%  ef  this  vaiel  'eocwrs  durirv  the  three-»*nth  parted*  August  ta  October, 

The  frequency  in  individual  years  varied  fr#s  a minimum.  ef  ene  reoerded  in 
IS  SO  ta  * naxiauR  ef  HI  in  1933*  Lew  frequencies  ef  tea  etoras  per  seaeen  have 
been  observed  several  biases,  asst,  recently  is  19S9  and  1930*  This  constitutes 
as.  extreme  1 &s  sf  activity  during  a hws=y*ir  period*  On  account  ef  the  variability 
ef  storm  frequency,  seasons  with  storm  t-etai*  beiew  the  rosan  occur  more  often  than 
active  seaeen • * This  is  illuatrateu  in  fig.  1 * which  «iov;  that  60%  of  the  tstal 
number  ef  storms  occurred  in  only  30%  ef  the  Tusjber  si  seasons.  Alas,  40%  ef  the 
sssssiis  acceunt  for  only  20%  ef  the  total  frequency  *f  starm*, 

A graph  af  seasonal  fr&qiansy  against  time  shoes  great  variability  from  On# 
season  to  the  n* xt , The  prs duct-a«ci«it  correlation  coefficient  for  a ace-year 
lag  is  only  0,19*  However,  a graph  ef  successive  fiva-year  tetal  reveals  a very 
interesting  feature  (fig.  2),  The  correlation  coefficient  for  successive  five-year 
tetsls  is  0.46,  a relatively  high  value.  Above  average  values  were  observed  during 
the  period  1836-95,  followed  by  below  average  values  until  1930,  A sec end  period 
ef  high  activity  started  an  1931  *nd  has  continued  to  the  end  ef  the  record 
included  in  this  study.  This  distributien  .*  not  an  accidental  result  of  the 
selection  if  interval 9 s During  th#  period  from  1310-1930,  the  seasonal  stem 
frequency  was  below  average  in  16  ef  the  iO  years . S^oe  \$zit  frequencies  below 
avers g*  have  been  observed  cr.ly  four  times. 


Fig*  2 suggests  a search  far  periodicities  and  correlation*  with  slowly 
varying  parameters , such  e«  sunepois.  Several  attempt*  at  such  correlation  have 
been  triad  but  proved  unsuccessful. 

Hssthly  frequencies*  Fir.  3 contain*  iseline*  cf  total  monthly  sterm 
fr«  i- *s cy  Ter  tne  “-4— year  period  analysed.  These  lines  indicate  how  oicen  a 
itirn  has  passed  through  each  5*  latitude-* longitude  square.  Ccmparisen 
cf  the  frequency  in  any  square  with  the  tetal  number  of  storm*  observed  during 
the  month  rives  information  sii  ich  ceuid  be  used  in  risk;  determinate «is . Fer 
example,  the  square  extending  f’-om  25eN  te  SO*R  and  from  80®W  ta  So*!?,  which 
comprises  most  of  Florida,  has  had  nine  storms  in  June  during  the  64  years.  In 
tne  seas  period  a total  of  27  June  storms  was  charted  for  tha  whole  hurricane 
region.  This  mean?  that  one-third  ef  all  stem*  passed  through  this  square,  *nd 
thus,  either  affected  or  endangered  Florida  (probability  0.35) «, 

The  prebabiiity  ef  storm  eocurrence  in  a given  month  is  indicated  by  the 
retie  ef  the  number  of  months  with  storms  divided  by  the  total  number  of  months— 

64  in  eur  case.  Table  II  shews  the  probability  of  storm  eccurrenoe  for  each 
month  in  three  groups  s One  er  more  storms  a month,  two  or  more,  and  three  or  mere. 

A total  ef  64  years  is  perhaps  insufficient  te  obtain  completely  stable  probabilities, 
but  is  the  best  that  can  be  offered.  As  would  be  expected,  the  prebabiiity  is  high 
from  August  through  October.  In  September  it  is  almost  unity.  The  probability 
that  mere  than  one  storm  will  occur  is  also  great  diring  this  latter  menth.  Fer 
instance,  the  eocurrence  of  three  storms  in  September  is  more  likely  than  that  of 
ene  stem  in  Jure,  July,  and  November. 
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From  the  previeua  analysis  the  prebabiiity  is  0 

•33  that 

a June  storm  will 

endangor  Florida^  Table  II  shews  that  the  probability  of  a 

storm  eccurrenoe 

in  June  it  0.34.  We  can  ask,  then. 

the  following  question* 

What  is  the 

prebabiiity  ef  a storm  endangering  Florida  in  Juno?  The  answer  is  given  by  the 
preduct  (0.33)  x (0.34)  Coll.  Accordingly,  it-  is  very  likely  that  a June 
storm  is  obtsrved  once  every  three  years  in  th#  long-term  mean;  liirthemerej  that 
ene  ef  ava/y  Lhce*  Juno  stor ma  will  affect  Florida.  Therefore,  th#  mean 
probability  ef  Florida  being  endangered  by  a stern  in  June  is  about  one  ninth; 
that  is*  on  the  average  once  in  nine  years. 

Table  III  shows  the  results  ef  this  type  of  analysis  fer  all  months  ef  the 
hurricane  season.  St  Or  mM  ill  u tisT#  ard  October  are  me  jt  likely  te  affect  Florida. 


The  latter  most h is  see-  dangerous  because  of  its  g-ester  freqi  ney  ef  storms 
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Fig#  3 can  be  used  to  obtain  a reugh  idea  of  the  total  number  of  days  with 
hurricanes#  A speed  of  motion  averaging  near  15  sph  would  take  a aterra  fras  one 
square  to  the  next  in  24  hours.  This  velue  is  not  far  from  the  ootual  ne  an  speed. 
Therefore,  each  observation  in  a square  on  the  average  represents  a hurricane-day. 

The  sum  of  the  vines  in  all  squares  gives  the  total  number  of  hurrieane-daye  far 
the  region  during  the  entire  period.  This  total  divided  by  64  (total  number  of 
years)  gives  the  average  number  of  hurrioone-days  per  month.  'The  result  of  this 
computation  la  shewn  in  Table  IV * A check  from  storm  tracks  for  the  period  1887-1932 
has  verified  the  general  accuracy  of  this  table. 

In  addition  to  general  information  such  as  night  be  used  in  calculating  the 
average  contribution  of  hurricanes  to  the  atmospheric  heat  balance,  the  Table  IV 
can  be  used  to  furnish  varicus  types  of  specific  inf ermation.  Given,  for  instance, 
a hurricane  forecast  center  which  has  to  predict  for  the  whole  area,  the  staff 
must  be  prepared  to  take  care  of  an  average  cf  16  days  in  September  with  a hurricane 
on  the  charts.  If  incipient  situations  which  do  net  develop  are  added,  it  is 
readily  seen  that  a quiet  day  in  September  would  be  rare  for  the  center.  If 
responsibility  for  the  whole  area  i«  divided  among  several  center*,  the  epecific 
responsibility  ex'  each  one  can  be  computed  in  a similar  manner  from  fig.  3. 

The  number  of  hurri cane-days  divided  by  the  mean  number  of  atorm*  per  month 
(Table  I)  gives  a value  of  slightly  ever  six  days  for  the  average  life  span  ef  a 
storm  south  of  latitude  35*, 
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Regions  ef  Formation 

It  ia  difficult  to  treat  the  ferrmtlsa  ef  storms  quant itatitvelv.  Usually, 
the  beginning  of  a track  mark*  the  point  where  or  when  hirh  winds  begin  to  be 
•beerved,  In  most  cases,  thie  is  net  the  point  of  firs*  fernmtien,  Generally, 
the  initial  disturbance  has  existed  and  moved  far  some  time  prier  to  intensification. 
As  is  common  oast  of  the  Lesser  Antilles  , disturbances  ef  stem  intensity  may  exist 


tm r a few  days  before  they  arrive  in  the  network  af  observing  statical.  Thia 

pro  hi  *5?  sji  n«3t  serious  during  th*  first  part  af  the  pari  ad  because  af  acaro*  data. 

Fig,  4 shr«  fea  r»gisis  af  famatier.  aa  indicated  by  +h*  initial  paint  ef  the 
published  storm  tracks.  In  general  tha  charts  cerrefcerate  previous  stet amenta  that 
there  ara  four  especially  active  regions  of  stern  development s tha  Atlantic  w*t 
#f  tna  Lessar  Antilles  , the  western  Caribbean  Sts  t -he  Gulf  of  Mexico,  and  the 
Atlantic  east  and  sauthe&st  f;f  Florida,  The  last  three  regions  adjoin  geographically 
and  may  be  combined  far  soma  statistical  purposes.  Table  V gives  tha  monthly  stsrn 
totals  east  ana  east  af  ?0*W»  a longitude  which  divides  tha  storm  formation  in 
equal  halvas,  August  and  September  ara  most  active  in  tha  east,  but  formation  is 
still  appreciable  in  October.  In  the  west  the  percent  c<»tributi«n  af  early  and 
lata  season  storms  is  much  greater  than  in  tha  east,  especially  during  May-Juno. 

Graphs  af  seasonal  frequency  against  time  for  ssch  region  using  successive 
five-year  totals  are  presented  in  fig.  2.  Th*  long-range  fluctuation  evident  far 
the  total  number  of  storms  is  wall  followed  by  tha  eastern  storms,  but  poorly  by 
these  in  tha  west.  Thus  variations  in  tha  oast  have  mainly  de  ' o rained  tha  long- 
period  trend.  Tha  correlation  between  tha  curves  far  bath  regions  is  snail  (corre- 
lation coefficient  0,05),  Thus  an  active  season  in.  the  eastern  region  is  net 
necessarily  accompanied  by  high-storm  frequency  in  the  west. 

One  of  the  most  interesting  observation*  in  hurricane  work  is  the  appearance 
of  what  may  be  ealled  storm  "clusters ."  These  are  groups  of  usually  two  or  three 
stems  appearing  in  succession  at  intervals  of  a few  days  and  which  seem  to  have 
famed  in  the  seme  location.  One  of  the  most  clear-cut  examples  occurred  in  the 
1S5X  season  when  three  hurricanes  moved  into  the  western  Atlantic  in  auocesaien  on 
September  2,  3,  and  5, 


Table  V 


Frequency  of  Stems  in  the  Eastern  Atlantic,  and  in  the 
Western  Caribbean  and  Gulf  per  10  Year# 


liay  -June  July  Aug  Sept  Oct  Nov  Total 

Formation  east 

of  70«W  long. 0 0 2 12 14 7 2 37 

Fermat  ism  west 

of  70*W  long, 1 4 3 4 10  12 2 36 


In  an  attar.pt  to  investigate  this  feature,  the  dates  ef  appearance  of  all 
sterna  from  1883-1950  were  investigated  in  sear oh  of  clusters,  A total  ef  59 
clear-cut  oases  w*s  discovered.  The  nwjerity  rf  th«*«  consisted  ef  stem  pairs* 
However,  there  were  II  groups  of  three  stems  and  one  group  ef  fbur  storms. 

“he  frequency  ef  el  ;st*rs  was  highest  in  September  (38^),  August  (28$£),  and 
October  (21%),  If  th*  data  on  clusters  are  combined  in  five-year  tetals  as  don* 
for  all  storms  in  fig,  2,  a similar  curve  results,  Frequencies  were  below  enrage 
up  te  IS?04  then  above  average.  This  suggest*  that  high-hurricane  frequencies 


^6” 


ore  partly  rr$Zw<t  -y  stem  clusters. 

Of  the  6J  c*s#»*  41  or  '7C$  occurred  in  the  eait  indicating  s.  deficits  preference 
f»r  dusters  in  fch*  Cup#  Verde  group  ef  storms. 

Motion  ef  St-ormo 

Freparati  en  ef  average  hurricane  tracks  has  b*«n  undertaken  mxuy  times. 

Outstanding  is  the  work  ef  C.  L.  Mitchell  ^ 1 j who  presented  a set  ef  monthly 
charts  giving  the  resultant  directims  ef  motion  by  jatitude-longitude  squares.  Enn 
with  an  accumulate.  *f  26  more  years  of  data,  an  increase  ®i  100  percent  in  th» 
amount  ef  factual  info rmat- ion,  we  d#  cot  feel  that  these  charts  cen  be  improved 
greatly. 

In  eur  study  •of  the  motion.  ef  storms,  direction  and  speed  have  been  treated 
separately  3 The' dir  actions  of  motion  were  tabulated  in  each  5®  equsure  using 
22s^*«cters  centered  at  W,  WHW,  HW,  etc.,  (16  cardinal  points).  The  interval  cf 
22j$*  w»*  chosen  because  it  was  not  ao  large  that  the  results  would  become  useless 
but  large  enough  for  the  sanples  to  be  significant.  From  the  tabulation,  percentage 
frequencies  of  direction  ef  notice  were  computed  (fig.  5)o 

Inspection  ef  the  charts  immediately  iiew*  the  medal  directiwi  cf  metier,  m each 
square o The  significance  of  the  mode  is  directly  available  since  the  length  of  the 
surrews  gives  the  percent  frequency,  also  the  probability  of  storm  displacement  in 
the  medal  end  ether  directions.  The  reliability  of  fig.  6 is  affected  only  by  the 
magnitude  ef  the  sanples.  Tness  are  relatively  great  in  August,  September,  and 
October.  Ir  June,  July,  And  November,  the  number  of  observations  is  small,  but 
the  patterns  in  these  months  still  are  fairly  consistent. 

In  forecasting,  fig.  & has  most  value  in  the  early  stages  following  detection 
of  a otensu  In  th«  absence  of  ether  information,  it  is  logical  to  predict  a track 
along  the  modal  direction.-- Fig.  5 also  tell*  what  direction  of  motion  should  not 
be  predicted.  In  August,  for  instance,  no  stem -of  record  in  the  area  south  of 
25*  and  oast  ef  Florida  has  ooved-easi  of  north  or  south  of  west.  It  ecuid  bo 
quite  illogical  to  predict  ouch  an  abnormal  path  without  most  cogent  reasons. 

The  oenfldenc*  in  a prediction  cf  a modal  track  can  ce  estimated  from  the 
percentage  frequencies  ef  the  modes . These  «re  shown  separately  in  fig.  6.  We 
note  maxima  in  the  lowest  and  highest  latitudes,  with  an  interaediats  axis  of 
minimum  frequency  situated  mostly  between  20*-3G°N.  In  some  areas , netably  the 
Gulf  ef  Mexico,  or*e  can  hardly  speak  of  a mode.  VVeaK  double  or  triple  modes  are 
found  in  several  squares.  Here,  fig.  6 is  without  usefulness.  The  statistics 
reflect  the  large  variability  ef  the  synoptic  ssather  pattern  ever  the  Gulf  region. 

The  mien  trough  aloft,  which  lies  ever  the  Gulf  in  summer,  and  the  subtropical 
ridge  line  esaillust#  considerably*  -Since  the  notion  of  atoms  is  largely  determined 
by  the  flew  pattern*  ale ft,  the  lack  a p renounced  medal  direction  in  the  Giilf 
area  is  understandable . 

The  seasonal  changes  ef  th*  latitude  of  the  subtropical  high  also  are  indicated 
in  fig.  6 since  the  position  of  the  axes  ef  minim:.™  modal  frequency  correspond  in 
parts  of  the  area  to  the  position  ef  the  ridge  kina  at  700-500  mb.  The  monthly 
shift  of  the  subtropical  ridge  follows  a regular  course  (fig?  7}  A^,  It  lie* 
n-;ar  23®7i  in  .Tun a - soves  nerthward  in  July  and  August,  then  seuthwsra  until  S*  renter. 


The  minimum  axe*  ®f  fig.  6 undergo  similar  displacement*. 

The  relation  of  the  subtropical  ridge  to  the  s torn  movement  become*  even 
plainer  if  w#  plot  (1)  lines  connecting  square*  Kith  a modal  direction  ef  360* 
in  each  menth  (fig.  8),  and  ( Z } line*  cennecting  squares  with  maximum  frequency 
ef  recurvature*  (fig.  9).  fer  the  latter  purpose  the  westernmost  point  in  the 
traok  ef  a recurving  stera  was  considered  as  th*  peint  ef  re  curvature. 

The  pattern*  »f  fig*.  8 and  9 are  fairly  similar , By  and  large  the  axes 
•hift  in  accord  with  iig.  7.  But  we  also  rate  considerable  irregularities. 

Presumably  the  exes  ef  fig*.  8-9  reflect  the  position  of  the  subtropical  ridge 
en  days  when  a recurvafcure  took  place,  while  the  means  of  fig.  7 are  fer  all  days. 
Comparing  figs.  7-9  quantitatively  on  this  basis,  w#  find  that  th#  subtropical 
ridge  lies  on  the  average  2®  latitude  farther  north  on  days  with  re curvature  than 
in  the  menthly  mean. 

Speed  ef  Met  ion 

The  median  values  si'  the  speed  of  motion  in  each  square  are  shown  in  fig.  10. 

An  axis  of  minimum  speed  lies  roughly  between  20°-30*N  with  higher  speed  to  the 
north  and  south.  In  the  southern  belt,  below  20°N,  the  average  speed  is.  14-16  mph. 
n-— nf  25®-30#,  we  observe  14-16  mph  during  June,  July,  and  August,  increasing 
to  ever  20  mph  in  September,  October,  and  November.  This  increase  coincides  with 
the  southward  shift  of  the  latitude  of  recurvature  and  is  due  to  the  well-known 
fact  that  etorms  usually  speed  up  considerably  on  the  northeast  track  after 
recurve  wire . 

Meaa  deviations  from  the  values  in  fig,  10  were  computed  end  analyzed.  Motion 
is  fairly  constant  in  th*  belt  of  10P-20*N  and  in  the  Gulf  of  Mexico.  Mean 
deviation#  are  of  the  order  of  two  to  four  mph  during  the  whole  season.  Variability 
is  much  greater  in  the  north  as  the  moan  deviation  increases  from  four  mph  in  Juno 
and  July  to  wall  above  six  mph  in  September,  October,  and  November. 

Persistence  Computations 

._  fSaeef  the  main  objectives  of  this  study  was  to  determine  the  probability  of 
success  at  linear  extrapolation.  Th#  results  presented  her#  are  based  en  persistence 
©f  direction.  In  each  square  the  change  in  direction  of  motion  between  two 
•access ive  24-hour  periods  was  tabulated.  Looking  downstream,  the  change  was 
considered  positive  if  the  storm  moved  to  the  right  of  its  previous  path,  mad 
negative  if  it  moved  to  bh*  leftt  Per  exacple , if  a storm  meved  in  the  direction 
300*  in  tv  e initial  24-hour  period  and  32G*  in  the  subsequent  period,  th#  angle 
ef  change  was  recorded- as  *20*,  A stem  track  was  considered  persistent  when  th# 
change  was  with  in  ±10*. 

From  the  tabulated  data,  tn#  percentage  frequency- of  jeer* is  tent  items  wa* 
calculated  in  each  square  for  each  month.  Fig.  11  shows  the  results,  which  can  be 
interpreted  as  giving  this  probability  of  success  at  straight  line,  extrapolation. 

In  using  fig.  11.  it  should  again  be  noted  that  the  chart*  fer  June,  July,  .tad 
Sevexfccr  are  baaed  en  very : limited  data. 

In  general,  the  _ probability,  of  -success.  JLfc.isn  gv  -in  the  tout  herns®  at  belt,  but 
decrease  farther  north  .end  weeiu.  The  results'- are  very  encouraging  in  the  eastern 


Car it Pea o S«a  cur  ng  tne  period  of  great, esu  danger,  -Tuly  to  September,  where  the 
chances  si  persistence  are  around  80  percent  sror  an  extensive  are*,  This 
represents  a-  XSTrg#  a confidence  at  cor.  be  put  en  any  other  forecasting  method,  a 
nappy  eutceme  for  an  area  in  which,  due  te  lack  of  adequate  upper-air  data, 
climatology  and  persistence  serve  a*  important  tool*  of  pr edict icn , 

In  the  Gulf  of  Mexico  and  adjacent  regions  persistence  is  a peer  indicator 
of  future  stem  tracks.  In  this  region,  -however , upper^air  data  are  more 
plentiful  so  that  farecasters  can  rely  te  a greater  extent  on  ether  forecasting 
techniques. 

Additional  persistence  computations  were  tried  for  subgroups  of  the  samples. 

The  persistency  of  storms  moving  in  a direction  2?0°-500o  ~fc»s  e capered  vdth  that 

of  storms  moving  between  300®-330*  and  330®-360°.  The  results  as  xar  a? 
regional  distribution  is  concerned  did  not  differ  significantly  from  those 
indicated  in  fig.  11.  There  was,  however,  a significant  tendency  for  storms 
moving  en  west  to  west-northwest  tracks  to  be  more  persistant  than  those  moving 
•n  more  northerly  tracks.  This  particular  computation  was  tried  only  for  the 
month  of  August. 

Computations  were  made  also  with  respect  te  speed  of  motion.  Again,  the 
regional  distribution  did  not  change,  but  there  was  a noticeable  tendency  for 
fast  moving  stonns  to  be  most  persistent.  This  statistical  result  no  doubt 
is  due  to  the  fact  that  a givehacceleratiwi  normal  to  the  previous  path  will 
produce  a smaller  change  in  the  direction  of  mcticc  if  tft*  speed  is  large  than  if 
it  is  small. 

Deviations  Trsm  persistence  were  al  se  investigated.  Most  eften  stems  curvad 
te  the  right.  In  seme  regions,  particularly  ever  the  western  Gulf  ef  Mexioe 
changes  to  the  left  also  were  numerous.  In  the  north  the  frequency  of  nenper  si  stent 
storms  exceeds  that  of  persistent  stonns.  The  angle  of  change  in  the  direction 
ef  motion  of  the  nonpars  latent  storm;,  was  tabulated  and  the  median  of  the 
distribution  determined  separately  for  the  positive  end  negative  turnings.  This 
median  value  was  then  plotted  for  each  square  {Tig.  !£)•  Reasonable  patterns 
were  obtained  far  all  menths.  In  the  seuth  the  angle  of  change  is  smallest. 

A belt  of  raaxismm  ohange  lias  close  to  the  subtropical  ridge  line.  Values 
decrease  again  farther  north.  The  relation  of  the  axes  of  maximum  turning  to 
figs.  6-9  lequires  no  elaborations 

Fig.  11  applies  only  to  straight-line  persistence.  Other  types  of  persistence 
can  he  defi  *d«  4«r  instance,  cne  can  ask  the  question  t*  what  extent  curving 
storms  ..ulnta in  the  «sm«  path  curvature.  This  computation  would  involve  higher 
erder  derivatives.  In  view  of  the  uncertainties  even  in  the  beat  stera  tracks, 
ne  further  work  was  attempted. 

Susnary 

A study  ef  the  climatology  of  format  ion  and  notion  of  tropical  storms  in 
the  Caribbean  area  during  the  perled  1867-19S0  has  verified,  acme  known  facts  and 
has  el  se  shewn  some  results  nGt  specifically  contained  in  previous  works. 


1*  The  number  ef  hurricanes  varies  greatly  f ram  one  year  te  the  next* 

However,  if  fire-year  totals  are  used,  a mare  uniform  time  seriee  appears  ifcioh 
suggests  ione-peried  fluciuetirns.  At  aw  average  frequencies  were  obsernd 
between  1887-95;  below  average  afterwards  up  te  1930,  then  abere  average  again 
beginning  in  1931.  This  variation  is  prsduoed  mainly  by  sterms  forming  «**t  sf 
70®W«  Yary  little  correlation  exists  between  the  frequencies  of  formation,  east 
and  vast  of  this  longitude* 

2.,  The  frequency  distribution  of  the  number  of  storms  per  seasen  shews 
that  the  number  ef  seasons  with  very  low  «r.t,ivt exceed  that  with  high  frequencies* 
Beoause  ef  this  ekfcwness  in  the  distribution  about  40?*  ef  the  total,  number  ef 
seaeens  contribute  only  2($  ef  the  number  of  sterms  whersas  ZC#>  ef  the  number  ef 
seasons  account  for  50^  ef  the  number  ef  storm* • 

3*  An  example  ef  risk  cemputatians  fer  Flerida  shows  that  Ooteber  is  the 
most  dangerous  menth  in  this  area*  Tables  I and  II  and  fig.  5 make  peaeible 
similar-  computations  anywhere  with  in  the  area  cevsred* 

4.  An  estimate  ef  the  average  number  of  hurricane  days  per  month  varies 
frun  a minimum  ef  twe  is  June  te  a maximum  sf  16  in  September*  The  average 
dura  .ion  ef  sterms  south  ef  35*S  is  around  six  days* 

— 5i  The  formation  ef  storms  occurs  vary  frequently  in  the  form  ef  groups 
or  "cluste — " of  two  er  more  storms  which  appear  in  quick  suooessien  in  the 
is me  region.  These  “clusters”  are  most  frequent  in  August,  September,  and 
Ooteber,  They  occur  predominately  among  the  eterms  moving  from  the  eastern 
Atlantic. 

6*  The  climate  logical  data  on  the  motion  ef  sterms  are  presented  in.  fige.  6-6 
In  a fer®  that  permits  a quick  determination  ef  the  probability  ef  motion  along 
each  direction  at  each  5°latitude-'iongitude  square.  The  regions  where  the 
climatological  appreaoh  in  forecasting  hae  the  greatest  probability  ef  success 
are  delineated. 

7.  The  median  speed  of  motion  is  higheet  in  the  belts  10*-20*  and  nerth  ef 
3Q*M,  slowest  between  20*  and  30“N,  especially  in  the  Gulf  ef  Ifexice,  Deviations 
from  the  median  are  fairly  email  in  the  eeuth  ivnd  large  in  the  nerth* 

8.  ?h«  probability  ef  success  of  etraight-lino  persistence  is  studied* 

The  confidence  of  a persistence  forecast  at  any  locality  in  any  menth  om  be 

read  from  fig*  11*  regions  are  delineated  where  persistence  hae  at  least  the 

same  chance  of  success  &a  other  ferecaeting  techniques*  Nenpers latent  atoms 

neve  predeminantly  t*  the  right  sf  their  previoue  path.  The  median  angle  cf 

turning  ia  2Ge-30®  in  moet  areas  with  rnalleet  angles  in  the  lewest  latitudes  and 
largest  angle  a in  the  vicinity  ef  the  subtropical  ridge. 
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Fig.  Is  Aooumuiamvc  percent 
frequency  distribution  cf  the 
number  ef  trepical  storms  against 
accumulative  percent  ef  yew* 

*tud led* 


Fig,  2»  Frequency  cf  tropical  cyclsnes  sf  all 
inten«iti*a  in  the  Caribbean-Atlantic  area  by 
five-year  eu ms  from  1886-lSbu.  Solid  curve 
indicates  total  frequency j dashed  curve  frequency 
of  storms  formed  east  of  70*Wf  act-dashed  curve 
sterns  formed  vest  ef  70°rif.  Thin  horizontal 
solid  lines  indicate  the  averages  cn  a five -ye ar 
basis. 
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Fltr>  3 : Total  frequency  of  tropical  cyclones  crossing  each  5°  latitude-lorgitude  square  during 

the  64  vjar  period,  1337-1950*  Heavy  da shod  lines  indicate  axes  of  uaximun  values* 


Fig,  5*  feroMti,;*  frequency  cUtrioutioa  of  th«  diracti^a  of  motion  of  tragical 
*b««r T<jd  ia  oton  square*  l"n»  length,  n i aach  vactor  giva*  tn*  pa  rceadag*  fraquena/  of 

uj?p«r  la  ft -hind  corner. 
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if.  61  Percentage  frequency  of  motion  along  ;he  nrdal  direction.  Heavy  daehed  line* 
epreiont,  axo*  of  .ainimum  frequency. 


Fig,  7«  lie  on  Monthly  position  of  th«  lati- 
tude of  the  subtropical  ridge  line  at  7CC 

ab  f*7. 


Fig.  8*  Lines  showing  latitude  of  modal 
direction  of  motion  of  360*  in  each  month. 
South  of  those  linos  stems  move  mainly  with 
a component  toward  west,  to  their  north  toward 
neat. 
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frif.  )<-j  Median  angle  of  ah*nf(a  in  dlraotlon  of  notion  of  nonpar*  1 B'tant  wtonts.  Heavy 
dRshoJ  iintui  indloata  w<i«  of  nadiar.  aa^la. 


